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About  BAE  Systems 


■  Global  defense  and  aerospace  company 
delivering  a  full  range  of  products  and 
services  for  air,  land  and  naval  forces, 
as  well  as  advanced  electronics,  information 
technology  solutions  and  customer  support 
services. 

■  Largest  European  defense  company. 

■  Fifth-largest  U.S.  defense  company. 

■  Sales  exceeded  $34.4  billion  in  2008. 

■  Invests  over  $2.3  billion  annually  on  research  and  development. 

■  Approximately  105,000  employees  worldwide. 

■  BAE  Systems,  Inc.  is  a  U.S.  company,  reporting  to  BAE  Systems,  pic  in 
the  UK  via  a  Special  Security  Agreement  (SSA). 
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Tracked  vehicles 
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Wheeled  vehicles 
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Artillery  systems 
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Light  Gun 


AS90 


M109  Family  of  Vehicles 
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Naval  weapon  systems 
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PROHIBITED  MATERIALS  TREND 


EU  REACH / 


Wheeled 


European 

RoHS 

6  chemicals 


Programs 

20  chemicals 
+ODC 


US  CHAMP 
3000  chemicals 


PCS 

18  chemicals 
+  ODC 


Bradley 

Asbestos 
+  Ozone  Depleting 
Compounds 
(ODC) 


Asbestos 

Beryllium 

Cadmium 

Hexavaient  Chromium 
Hydrazine 
Lead 
Mercury 

Methyi  Ethyi  Ketone 
Nickei 

Poiychiorinated  Biphenyis 
Phenoi 

Tetrachioroethyiene 

Toiuene 

Toiuene  Diisocyante 
T  richioroethyiene 
Xyiene 

Radioactive  Materiais 


Cadmium 
Hexavaient  Chromium 
Lead 
Mercury 

Poiybrominated  Biphenyis 
Poiybrominated  Diphenyi  Ethers 


Asbestos 
Benzene 
Beryiiium 
Cadmium 

Carbon  Tetrachioride 
Chioroform 
Chromium 
Cyanides 
Dichioromethane 
Lead 
Mercury 

Methyi  Ethyi  Ketone 
Methyi  isobutyi  Ketone 
Nickei 
Toiuene 
Trichiorethane 
Trichioroethyiene 
Xyiene 

Tetrachioroethane 
Radioactive  Materiais 


USD 

John  Young 
Cr+6  letter 


GCV  Banned: 
Asbestos 
Beryllium 
Cadmium 

Hexavaient  Chromiun 
Mercury 

Methyl  Ethyl  Ketone 
Lead 

Polychlorinated 
Biphenyls  (PCBs) 

T  etrachloroethylene 
Trichloroethylene 


Prior 

to 


2003 


2006 


2008 


2009 
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Hexavalent  Chrome 


■  Banned  on  Some  New  Contracts 

•  USD  John  Young  Memo 

■  Most  common  usage  is  as  a  conversion  coating 
for  metals  to  enhance  corrosion  performance 

•  Very  commonly  used  on  aluminum,  zinc,  and 
cadmium 

•  Most  common  specs: 

■  ASTM  B633  Type  II  (electrodeposited  zinc  coating) 
uses  hexavalent  chrome  (chromate)  conversion 
coating 

•  After  eliminating  cadmium  plating,  zinc  plating  was  substituted 

■  Note  also  similar  conversion  coatings  used  for  cadmium, 
zinc  nickel,  aluminum  coatings,  etc. 

•  ASTM  B633  Type  VI  allows  use  of  non-hexavalent 
chromium  (trivalent  chrome  or  others) 

■  MIL-DTL-5541  (aluminum) 

•  New  Type  II  specified  as  hex  chrome  free 

•  Typically  specified  as  part  of  the  paint  system 
! Supply  base  is  changing  over 
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TABLE  2  Finish  T^pe  and  Corrosion  Resistance  Requirements 


Type 

Description 

Mininrum  Salt  Spr^y 
h 

I 

II 

As-plated  without  supplementary  treatments 
With  colored  dnroma.te  coalings 

96 

III 

With  colorless  chromate  coiversion  coatings 

12 

IV 

V 

With  phosphate  conversion  coatings 

With  colorless  passivate 

ri 

VI 

With  colored  passivate 

120 

Notb  3 — Although  Type?  V  luid  V[  are  technically  not  “chromate" 
film?  and  they  do  not  contaiji  leachable  hexavalent  chromium  ions,  they 
are  supplemental  coating?  that  render  the  active  zinc  surface  passive  and 
provide  Lidded  protectioji  to  the  ?teel  part. 
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BAE  Combat  Systems  “Clean  Hardware”  Initiative 


■  US  Army  wants  non-hazardous  materials  and  better  corrosion 
performance  for  their  platforms 

■  DoD  direction  to  improve  corrosion  performance 

•  20-30  year  service  life  required 

■  New  wheeled  (MMPV,  MATV)  and  GCV  programs  prohibited  from  using 
hexavalent  chrome 

•  Common  yellow/gold  finish  on  plated  hardware 

■  No  commercially  available  off-the-shelf  replacement  available,  although 
numerous  coatings  are  available  (not  on  shelf) 

■  BAE  CS  selected  Dip-Spin  zinc/aluminum-epoxy  coating  as 
environmentally  friendly  substitute  with  very  good  torque  and  corrosion 
performance 
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ARL  Test  Report 
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120  Cycles  GM  9540  cyclic  salt  spray  test 

•  Roughly  equivalent  to  15  years  service  in  humid  environment 

•  Threaded  into  steel  and  aluminum 

•  Inspected  every  20  cycles 

•  Break  away  torque  measured 
Final  performance  ranking: 

1 .  Magni  565 

2.  Magni  594 

3.  Alumiplate 

4.  Hex  Chrome  Zinc  plate 

5.  Trivalent  Chrome  Zinc 


Baseline  Zinc  /  Trivaient  Zinc  /  Alumipiate  /  Magni  565  /  Magn  594 
Courtesy  of  ARL 
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Magni  565  what  is  it? 


■  Zinc  Rich  epoxy  base  coat 

■  Aluminum  rich  epoxy  top  coat 

•  Dip/spin  coating  (generic  designation) 

•  Part  is  cleaned  and  phosphated, 
immersed  in  liquid  coating,  then  spun 
(washing  machine  spin  cycle)  then  spread 
on  conveyor  belt  and  baked 

■  Compatible  with  both  steel  and  aluminum 
assemblies 

■  1000  hour  salt  spray  resistance  (vs  96 
for  zinc) 

■  Torque-tension  coefficient  same  as 
Cadmium 

■  No  plating,  freedom  from  hydrogen 
embrittlement 

■  Cost  is  comparable  to  Type  II  chromate 
zinc 

•  But  much  better  corrosion  performance 

■  Wide  use  by  automotive  companies 
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Automotive  Qualifications 


ASTM  F1 137  Types 
Bobcat  PS-1 06A 
BMWGS90010 

Briggs  &  Stratton  ^  ' 

Case  New  Holland  MAT0320,  Type  1,  Class  A 
Chrysler  PS-5873  (ref:  PS-10633  non-threaded), 
PS-10633,  PS-10378 
Daimler-Benz  DBL  8440 


Delphi  DX551801,  DX45501804, 
DX551810,  DX44501804 
Fiat  9.5751 3/Tipo  IV 
Ford  S439  (WSS-M21P37-A1) 

General  Motors  GM7114M,  GMW3359 
Int’l  Truck  TMS-4518,  Type  I 
ISO  10683 
JLG  4150701 


John  Deere  JDM  FI  3 
Land  Rover  LRES.21  .ZS.05 


Nissan  M4601 


Porsche  PTL  7529 
PSA  B1 5  3320 

Renault  Trucks  01.71 .4002/H 
Tacom/US  Army  12469117 
Toro 

Trane  S  320 1063A1 
TRW  TS  2-25-60,  Class  A 
Volkswagen  TL  233 
Volvo  VCS5737.29,  .19 


Magni  is  one 
of  several 
coatings, 
others  such 
as  Geomet 
are  similar 
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Dip-Spin  Military  applications 


BAE  SYSTEMS 


■  BAE  Fairfield  -  Magni  550  (zinc  underplate)  for  HMMWV  armor  kits 
(4397000) 

■  AM  General  -  Magni  560  and  565  (19207-12469117) 

■  BAE  Sealy  in  2007,  FMTV  -  moved  to  hex  chrome  free,  cadmium  free, 
performance  spec  for  cadmium  replacement  (700  hour  salt  spray)  to 
meet  customer  requirements  (uses  Geomet) 

•  Fastener  supplier  provides  similar  dip-spin  coatings 

•  Cost  virtually  same  as  zinc  plate 

•  No  issues  on  assembly  line,  no  reports  of  torque  loss  or  loosening 

•  No  special  tools  or  procedures 
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BAE  Combat  Systems  standard  fastener 
hardware  initiative  ’’Clean  Hardware” 


■  Common  coating  for  steel  fastener  hardware  -  across  programs  for  logistic, 
design  and  manufacture  convenience,  CAD  database 

■  Meets  environmental,  torque  and  corrosion  requirements 

•  Cadmium  and  hexavalent  chrome  free 

•  No  electroplating  to  cause  hydrogen  embrittlement 

•  Contains  zinc  and  aluminum  -  compatible  with  aluminum  and  steel 

•  1 000  hour  salt  spray  resistance 

■  Dip  Spin  coatings  are  readily  available,  and  cost  competitive  to  hex 
chrome/zinc 

■  Although  proprietary  materials  and  processes,  available  from  numerous  coating 
suppliers  and  licensed  applicators 

•  In  wide  use  by  automotive  companies  for  improved  corrosion  performance  and  RoHS 
compliance 

•  Dozens  of  applicators  are  licensed 

•  BAE  fastener  supplier,  Military  Commercial  Fasteners,  assisted  in  procurement  of 
dip-spin  coatings 
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“3  Million”  part  number  fastener  hardware 

■  BAE  Developed  a  series  of  drawings  (just  happened  to  start  with  the  number  3 
million) 

•  1  drawing  for  each  fastener  family 

■  Eg,  hex  head,  grade  8,  coarse  thread 

•  1  drawing  covers  coating  and  requirements 

■  Able  to  easily  add  or  change  coatings  as  technology  matures 

■  Partnered  with  MCE  (long  time  BAE  fastener  supplier,  first  experience  with  dip- 
spin  coatings)  to  procure  “clean  hardware”  and  performed  tests  to  develop 
drawings 

•  Torque  tension  testing 

•  Corrosion  testing 

•  Thickness  testing 
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Example  drawing 
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Quality 


■  Quality  Control  issues  due  to  go,  no-go  gaging  issues  of  thicker  coating 

•  Despite  requirement  of  “dimensions  apply  after  coating”  Magni  finishes  can  add 
thickness  to  male  thread  minor  diameter  above  limit  and  result  in  interference  when 
mated  with  Magni  coated  female  threads 

■  Requires  careful  control  of  process  on  small  diameter,  fine  threaded,  and  small 
female  fasteners 

■  Currently  <  %  inch  threaded  hardware  use  stainless  steel 

■  Small  fine  threaded  can  be  dip  spin  coated  but  need  special  attention  to 
thickness 

■  Identified  one  supplier  that  can  apply  coatings  to  small  hardware  and  control 
thickness 

■  Washers  need  to  be  spread  out  so  they  don’t  “clump”  during  cure 

■  Ideally,  fastener  suppliers  need  to  anticipate  added  thickness  by  undersizing 
threads 

•  This  needs  high  volume 

•  Current  practice  is  to  start  with  unplated  fasteners 
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Real  experience  on  a  particular  vehicle  program 


■  MMPV  Panther  (engineering  ordnance  disposal  vehicle  based 
on  RG33  MRAP)  design  started  in  early  2008 

■  New  environmental  requirement  prohibited  hexavalent  chrome 

■  Therefore,  determination  to  go  with  best  available  technology 
-  dip-spin  type 

■  Accelerated  development  of  “clean  hardware”  drawings 

■  Vehicle  production  had  been  started  months  earlier 

■  Engineering  changes  to  assembly  drawings  made 

■  MMPV  assembly  drawings  “redlined”  to  substitute  3000000 
“clean”  hardware  part  numbers 

■  Vendor  Military  Commercial  Fasteners  BAE  -  York  sole 
fastener  supplier  brought  in 

■  Determined  to  institute  complete  change-over 

•  Able  to  identify  which  vehicles  were  “clean” 

■  Clean  hardware  breakpoint  -  June  2009  -  changed  out  all 
fastener  hardware  over  1  weekend 


•  Training  provided  to  mechanics  at  plant  (Letterkenny  Army  Depot 
where  most  assembly  processes  occur),  posters  put  up 

•  No  issues  occurred  during  installation  of  new  fasteners 

•  Slightly  more  difficult  to  start  small  threaded  fasteners 

•  Instances  of  poor  grounding,  fixed  by  moving  ground  strap 
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OEM  Implementation 

■US  Army  has  imposed  a  recent  requirement  for  non  hazardous 
materials  and  better  corrosion  performance  for  their  platforms 

•  USD  John  Young  memo  minimizing  hexavalent  chrome 

•  BAE  Engineering  Directive  to  eliminate  hexavalent  chrome 

•  IS014000  drives  minimization  of  hazardous  materials 

■New  Wheeled  and  future  tracked  programs  have  included  this  new 
contract  requirement 

•  Engineering  implements  clean  hardware  for  new  designs  only 

■  Clean  hardware  brought  into  new  programs  and  new  designs 

■  Legacy  programs  continue  to  use  hex  chrome 

-  CAD  database  limits  parts  available  for  selection  by  designers 

•  Result  is  that  now  there  are: 

■  2  times  as  many  fastener  parts  in  inventory  (to  procure,  QC,  store, 
transport)  for  OEM  making  new  and  legacy  vehicles 

■  Different  torque  for  same  size  fastener 

■  Opportunity  to  mix  clean  and  dirty  hardware 

■  Additional  inventory  for  readiness  and  sustainment 


BAE  Systems  Proprietary  Information  -  Use  or  disclosure  of  this  information  is  subject  to  the 
restriction  on  the  title  page  or  on  the  first  page  of  this  document.  ©  2008,  BAE  Systems  Land  & 
Armaments  L.P.  All  Rights  Reserved. 
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Challenges-  Program 

■  Commingling  of  clean  hardware  with  existing,  common  material  is  forcing  programs  to 
identify  affected  parts  with  new  configuration  item  identification  (part  numbers).  Each 
affected  installation  and  part  must  be  revised. 

•  Example:  Panther  FOV  identified  approximately  500  fasteners/  hardware  that  are  being  updated 
to  “clean”  within  60  installations. 

•  Drawings  reviewed  by  engineering  for  any  effects  on  torque,  conductivity,  etc. 

■  Existing  material  must  be  purged  and  either  scrapped  or  reworked  if  it  cannot  be 
consumed 

■  Delays  in  schedule  due  to  supplier’s  rework  and  implementation  issues 

■  Common  items  not  managed  by  a  particular  program  require  coordination  and  funding  to 
revise/  update  (ex:  MMPV  common  with  MRAP) 

■  COTS,  Government  furnished,  proprietary  items  and  configuration  items  not  managed  by 
BAE  uses  are  in  question 

■  Rework  of  common  documentation  to  include  Work  Instructions,  Bills  of  Material, 
Receiving  Inspection  documents.  Purchase  Orders,  Tech  Manuals,  etc.  as  new  part 
numbers  and  technical  documents  are  released. 

■  Simple  lack  of  availability  of  clean  hardware  -  custom  manufactured  -  not  COTS 

■  Part  numbers  not  recognized  across  the  supply  base 

■  Logistics,  spare  parts,  maintenance  instructions,  need  NSN  numbers  for  new  parts 
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More  Challenges-Engineering 


■  Torque  equivalent  to  legacy  cadmium  plated  fasteners,  may  need  adjustment  if 
replacing  zinc  plated  hardware  for  critical  applications 

•  Different  appearance  will  alert  shop  and  field  personnel  to  use  correct  torque 

■  Not  highly  conductive,  if  ground  path  is  via  fastener,  then  adjustment  to  design 
or  assembly  sequence  may  be  needed 

•  Testing  shows  Magni  Coating  is  partially  conductive,  but  how  much  is  needed? 

•  Some  concern  that  non-conductive  fastener  will  be  used  by  mistake  for  grounding 
applications 
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BAE  SYSTEMS 


■  Environmental  and  Corrosion  requirements  driving  military  suppliers 
(not  just  BAE)  toward  new  technology 

■  Industrial,  COTS  fastener  standards  not  keeping  up 

■  Literature,  ARL  and  limited  BAE  tests  show  that  specific  Dip-Spin 
coatings  offer  the  best  combination  of  performance  with  corrosion  and 
environmental  compliance  -  and  cost 

■  BAE  made  engineering  changes  to  implement  clean  hardware 

■  Many  challenges  to  implement  clean  parts 

■  MMPV  Panther  FoV  has  had  no  significant  technical  challenges  since 
going  “clean” 


6/23/2010 
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We  Protect  Those  WltjcPPfdteGt  U§* 


/  will  always  place  the  mission  first 


I  will  never  accept  defeat 


I  will  never  quit 


I  will  never  leave  a  fallen  c 


U.S.  Army/JWamor  Efhp& 


©  2009,  BAE  Systems  Land  &  Armaments 
L.P. 


March  2009 
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